Though the formal mathematical idea of introducing noninteger order derivatives can be traced from the 17th century in a letter by L'Hospital in which he asked Leibniz what the meaning of D n y if n = 1/2 would be in 1695 [1], it was better outlined only in the 19th century [2, 3, 4]. Due to the lack of clear physical interpretation their first applications in physics appeared only later, in the 20th century, in connection with visco-elastic phenomena [5, 6]. The topic later obtained quite general attention [7, 8, 9], and also found new applications in material science [10], analysis of earth-quake signals [11], control of robots [12], and in the description of diffusion [13], etc.
Introduction
Though the formal mathematical idea of introducing noninteger order derivatives can be traced from the 17th century in a letter by L'Hospital in which he asked Leibniz what the meaning of D n y if n = 1/2 would be in 1695 [1] , it was better outlined only in the 19th century [2, 3, 4] . Due to the lack of clear physical interpretation their first applications in physics appeared only later, in the 20th century, in connection with visco-elastic phenomena [5, 6] . The topic later obtained quite general attention [7, 8, 9] , and also found new applications in material science [10] , analysis of earth-quake signals [11] , control of robots [12] , and in the description of diffusion [13] , etc.
A possible generalization of the fundamental equations of classical mechanics (CM) for FO systems was first studied by Riewe about the end of the past century. In [14] a modified Hamilton principle was derived by introducing two types of canonical transformations, and the Hamilton-Jacobi equations using generalized mechanics with fractional and higher-order derivatives were obtained. It was found that "Lagrangians with fractional derivatives lead directly to equations of motion with nonconservative classical forces such as friction.". Normally both left-and right-sided Riemann-Liouville fractional derivatives appear in the equations obtained from the variational principle [15, 16] . The concept of fractional derivatives has many different definitions, e.g. by Riemann-Liouville, Caputo, Grünwald-Letnikov, Hadamard, Marchaud, Riesz, etc. In this paper, for its lucidity and simplicity, we use the discrete time resolution approximation of the form invented by Caputo that was also used in a fractional-order controller developed for the integer order system e.g. in [17] . Various applications of FO derivatives concerning robotics as e.g. tuning of PID controllers, control of hexapod robots, and observation of the presence of fractional dynamics in the motion of redundant manipulator arms controlled by the use of some generalized inverse for their Jacobians were outlined in [18] . This paper will show that an adaptive control method originally elaborated for integer order systems can be extended to the control of FO MIMO systems, too. It can separately be applied for each coordinate axis.
This paper is structured as follows: in Section 10.2 the definition of the discrete time approximation of Caputo's fractional derivatives is given and their capabilities are discussed. Section 10.3 contains the definition of the 2-dimensional generalization of the FO Van Der Pol oscillator. In Section 10.4 the adaptive method is briefly described and computational results are evaluated. Finally, in Section 10.5 the conclusions of the paper are drawn.
The Discrete Time Approximation of Caputo's Fractional Derivatives
The definition given by Caputo for the n − 1 + β [β ∈ (0, 1)] order derivative of a function u(t) for a < t is given as
in which a means the "starting instant" from which the system's motion is traced, u (n) denotes the n th (integer order) derivative, Γ () denotes Euler's gamma unction, and the index C refers to the name of Caputo. If we wish to apply this concept for describing physical systems no any special time-instant can be in some "distinguished position". It is more reasonable to suppose instead that this operator describes the memory properties of the physical system that normally can be modeled by some finite length of memory L. According to that (10.1) can be applied in the form as
